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Efforts to predict the incidence of photoallergic con-
tact dermatitis in man have been hampered by limita-
tions in the animal which have been developed to date_ 
This study reports an improved induction technique in 
guinea pigs which correlates well with observed clinical 
experience in man. 
New chemicals, including a variety of cosmetic, household, 
and industrial products, have been introduced to ow- environ-
ment to improve the quality of life. Unfortunately, adverse 
effects are occasionally noted; photoallergic contact dermatitis 
is one of these undesired effects. While the incidence of pho-
to allergic contact dermatitis appears to be low, [1 , 2] additional 
cases continue to be found, [3-5] reflecting the increasing 
diagnostic awareness, and probably also the increasing preva-
lence, of this phenomenon. 
One reason why morbity from photoallergic contact derma-
titis continues to occur in the general population is that most of 
our knowledge of the photoallergic potential of ch emicals is 
obtained from retrospective studies. In addition, there is no 
adequately reliable animal model for predicting or identifying 
all the chemicals with photoimmunologic potential for man. 
Limitations of existing animal models also hamper efforts to 
better understand the pathogenesis of this problem. To illus-
trate, 2 widely used fragrance compounds, musk ambrette a nd 
6-methyl coumarin, have recently been recognized as photoal -
lergens. [3, 4] The structure of these compounds is shown in 
Figure 1. Neither of these compounds photoimmunized guinea 
pigs using a previously established and widely used procedure 
for inducing photoallergic contact dermatitis to tetracholosali-
cylanilide (TCSA) and other halogenated salisylanilides. [6] It 
is noteworthy that this previously developed techniques had 
been reproduced by several different laboratories [7-10]. How-
ever, it proved necessary to modify this guinea pig model by 
adding cellophane tape stripping (maximization procedure) as 
a prerequisite for the induction of photoallergic contact der-
matitis to musk ambrette . Even with this modification, the 
model was unsuccessful in demonstrating photoallergic contact 
dermatitis to 6-methyl coumarin. [13] 
Because of the need for a more reliable model, techniques 
were sought to develop an animal system that would better 
predict the photoallergic potential of environmental agents to 
which man is exposed. This paper reports progress in developing 
a 'more reliable guinea pig model for predicting photoallergic 
contact dermatitis in man. 
MATERIALS AND METHODS 
Chemicals 
Two compounds, musk ambrette and 6-methyl cou marin, were 
tested. Musk ambrette, 2-methoxy-3,5-dinitro-4-methyl-t-butylben-
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zene, (Lot #2885-78, Givaudan Corp. , Clifton, N.J.) was assayed for 
pUJ'ity using high pressure liquid chromatography with detection at 
260, 300, or 360 nm. Data indicated that it was at least 99.8% musk 
ambrette. The 6-methyl coumarin (provided by the Research Institute 
for Fragrance Materials) was found to be of similar purity. Reagent 
grade acetone was used as the vehicle fOJ ' musk ambrette and reagent 
grade ethanol or ethanol-acetone (1:1) was used as the vehicle for 6-
methyl couma rin. 
Ultraviolet Radiation sources 
Ultraviolet radiation sources were banks of 4 fluorescent tubes, either 
Westinghouse FS-40 "Sunlight" tubes emitting predominantly in the 
285 to 320 nm range (UVB) or General Electric "Black Light" tubes 
emitting in the 320 to 400 nm range (UVA). The spectral emission of 
such fluorescent tubes is shown in Fig 2. The output of these sources 
was quantified with an International Light IL600A Research Photom-
eter using a PT-IOC detector with WB-320 and QND-3 filters . The half-
power points of this combinat ion of detector and ftIters are 257 and 392 
nm; the instrument was cal ibrated at 350 nm to a source traceable to 
the National Bureau of Standards. 
Experiment Animals 
Hartley strain a lbino guinea pigs weighing between 350 and 450 gm 
were used. 
Studies for Primary Irritant and Phototoxic Reactions 
Musk ambrette was applied in duplicate to the shaved and depilated 
lumbar area of 10 norma l guinea pigs in concentrations of 10, 1.0, and 
0.1%. One site was covered with opaque material to test for primary 
irri tant reaction; the other site was irradiated with 10.2 J/cm" of UVA 
to test for phototoxicity. Reactions were scored at 24, 48, and 72 hI' 
according to the following scheme: equivocal or no reaction (0); mild, 
uniform erythema without edema (1+); erythema with definite edema 
(2+); or erythema with marked edema (3+). Identical studies were 
done with 10 other guinea pigs using 6-methyl coumarin. 
Studies for Inducing Photo allergic Contact Dermatitis: Method J 
The nucha l area was shaved and depilated (Neet, Whitehall Labo-
ratories, New York, N.Y.). Cellophane tape was used to strip the nuchal 
epidermis until it glistened. The test material, either musk ambrette or 
6-methyl coumarin was applied to the site, which was then irradiated 
with 6.6 J/cm2 of UVB and 10.2 J/cm2 of UVA. The pm cess was 
repeated for a total of 5 times within 2 weeks, and is summarized in 
Table I. 
Studies for Inducing Photo allergic Contact Dermatitis: Method 2 
The nuchal area was shave and depilated (Neet, Whitehall Labora-
tories, New York, N.Y.). An area of 6-8 sq cm was defined by 4 
injections of Freund's complete adjuvant (0.1 m!) into the "corners" 
(Fig 3). The test material, either musk ambrette or 6-methyl coumarin, 
was then applied to the area within the "perimeter" defined by the 
injection sites. Next the area was exposed to 10.2 J /cm" of UVA 
radiation. The adjuvant was only injected once at the t ime of the ini tial 
induction exposure, but the remaining procedures were repeated for a 
total of 5 times within a 2-week period (Table I). 
Procedu.re for Eliciting Photoallergy 
Two weeks after the completion of the induction procedure, guinea 
pigs were prepared for challenge with the inducing chemical The 
lumbar area, which had not been previously treated, was shaved and 
depilated (Neet, Whitehall Laboratories, New York, N.Y.). The test 
material was applied in duplicate in concentrations as indicated in 
T a ble II. One side received 10.2 J/cm2 while the other was masked with 
opaque material as schematically illustrated in Fig 4. Each animal was 
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RESULTS 
T ests for primary irritancy and those for phototoxicity to 
musk ambrette and 6-methyl coumarin were assayed for ery-
thema and edema at 24, 48, a nd 72 hr. N one of the experimental 
animals showed a ny evidence of erythema or edema. The 24-hr 
resul ts, noted in Table II, are representative. The 2 different 
methods of inducing photoallergic contact dermatitis were com-
pared in order to obtain a relative indication of the index of 
Vo l. 76, No.6 
photosensit ization for musk ambrette a nd 6-meth~' 1 coumarin . 
An identical elicita tion procedure was used fo llowing both 
induction procedures for the 2 compounds. T he results of these 
experiments are summarized in Table III. No reac tion was 
detected a t a ny of the unirradia ted. control sit es with eithe r 
musk a mbrette or 6-methyl coumarin irrespective of the induc-
tion procedure. Thus. t here was no evidence of prima ry irrita nt. 
phototox ic, or allergic contact dermatitis in guinea pigs to eit he r 
of these compounds. 
T he fil'st induction m eth od , t he one previously reported with 
musk ambrette. [6] photosensitized approximate ly 30'-c of the 
guinea pigs tested . Photoallergic contact dermatitis to 6-methYl 
coumarin. however, could not be demonstrated in any of the 
test animals using this identical method . 
The secon'd m eth od of inducing photoallergic contact der -
ma titis to musk ambrett e in the gu inea pigs tested. Moreo ver. 
posit ive reactions could be detected in all animals with the 
concentration of musk a mbrette as low as 0. 1 cc. as shown in Fig 
5. T his method was then evaluated for its abilit.\· to ind uce 
photoallergic contact derma titis to 6-methyl coumarin. More 
t han 85'-c of a nimals tested developed photoallergic contact 
dermatit is. Moreove r, the sensitivity could still be detected in 
45'-c of sensitized animals using 1.0'-i- 6-methyl coumarin, al-
t hough no reaction was seen using t he 0. 1 % concentration. 
DISCUSSION 
There is increasing awareness of the photochemical interac-
tions between ultraviolet radiation a nd chemicals to which ma n 
is exposed da il.v . For example, contact photosensit ivity has 
recently been reported to 6-methyl coumarin, as found in a 
topical sun protective cream, and to musk ambrette, as incor-
porated into after shave lotions [11,12]. S imilar photoall ergic 
contact derma titis to 6-methyl coumarin has been induced 
experimentally in man by Kligman using t he "maximization 
test." Howeve r, this identical procedure has been unsuccessful 
in inducing contact photosensit ivity to musk a mbrette (A. 
Kligman, personal communication) . 
When available, a n a nimal model is a desirable alternative to 
human investigation and certa inly should precede a "usage 
test." Ideally, an animal model designed to assess this type of 
react ion would accurately refl ect t he increasing incidence of 
contac t photoallergic derma titis. S uch a model should not be 
overly sensitive, indicating irrelevant false positives, but neither 
shou ld it fail to detect potent ial hazzards for man with false 
negatives. Alt hough our studies are prelinlinary, and a number 
of additiona l compounds must be tested, t he use of Freund 's 
complete adjuvant shows promise of fulfilling t he attributes 
desil'ed for a predictive model for photoallergic contact der-
matitis in ma n. 
In historical perspective, early studies by Schwartz a nd Speck 
suggested t hat guinea pigs were sui table for an a nimal model to 
investigate contact photosensit ivi ty to sulfonamides [1 3]. In 
1966, Vinson furthered this animal model by inducing photoal-
lergic contact dermatitis to halogenated salicyla nilides [10]. 
With subsequent modifications this model has been successfully 
reproduced by several labo ratories, including our own [7-10). 
Recent attempts employ this technique to induce photoallergic 
contact dermatitis to musk ambrette, however, were unsuccess-
ful. Cellophane tape stripping at t he induction site was neces-
sal'y in order to reproduce photoallergic contact dermatitis to 
musk ambrette [6]. In contrast, this same technique could not 
be successfully employed for inducing photoallergy to 6-methyl 
coumarin . Thus no procedul'e has as yet been developed which 
is a consistently reliable predictor in man or animals of a given 
compound's photoimmunologic potential . Rather, each tech-
nique offers useful features in a given context. 
Because preparation of the induction site with cellophane 
tape stripping and UYB irradiation proved of limited effective-
ness, this technique (method 1) was modified by an initial 
intradermal injection of Freund's complete adjuvant and omis-
sion of cellophane tape stripping and the UYB (method 2). 
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T A BLE III. Comparison of photosensitization to musk ambrette and 6-methyl coumarin by 2 induction methods (at least 10 animals tested 
p er group and erythem a observed at 48 hI') 
Method 1 Method 2 
% with reaction after No % wi th reaction after No Cone. U VA" (1 0.2 J /CIl11)" Cone. UVA" (1 0.2 J /CIl11)" 
(%) U VA (%) UVA 
nr" 1+" 2+ 3+ nr nr'- 1+" 2+ 3+ nr 
Musk Ambrette 
7.0 70 20 10 0 100 10.0 0 0 20 80 100 
5.0 80 20 0 0 100 l.0 0 10 30 60 100 
0.1 0 60 30 10 100 
6-M ethy l coumarin 
10.0 100 0 
" U VA = ultraviolet ligh t (320-400 nm) . 
" J / cm" = J oules per squar e cen t imeter. 
,. nr = no reaction. 
0 0 100 
rI See Methods sec tion fo r key to cri teria for grading reaction 1+ to 3+. 
?/ 14/80 
FIG 5. Resu lts of photopa tch testing photoallergic contact. derma-
titis . This guinea pig presen ts represen ta tive resul ts of t he new proce-
dur e described . Positive reactions occurred only in t he sites on t he 
r ig h t, the sites which we re exposed to ul t ra violet radiation. 
10.0 15 85 0 0 100 
l.0 55 45 0 0 100 
0.1 100 0 0 0 100 
There is an impressive contrast in the results obtained with th e 
2 methods (see T able III). The rate of sensit ization to musk 
a mbrette was increased from 30% wit h the original method to 
100% wit h the second method. The results with 6-methyl cou-
marin sensit ization are even more impressive. N o gu inea pigs 
developed photoallergic contact dermatit is with the original 
technique, while over 85% were sensitized wi th t he modified 
method. 
Studies by H orio indicate promise for use of sodium laurel 
sulfate to enha nce t he induction of photoallergic contact der-
matit is [14]. Further investigation of this agent should be 
pursued for compar ative pur poses and to determine if it can 
further improve the model. 
It should be stressed that neither primary irri tant reactions 
nor phototoxicity were found in guinea pigs with either musk 
a mbrette or 6-methyl coumarin, as indicated by representative 
experimen ts summarized in T a ble II. 
The a bili ty of Freund 's complete adjuvant to enhance the 
induction of pho toallergic contact dermatitis promises to facil-
itate furt her investigation into its mecha nism. It should be 
expa nded a nd compared wit h addi t ional modifications, such as 
the use of sodium laurel sulfate. 
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